Bile salt hydrolase is an enzyme from bacteria that can hydrolyze bile acid to be insoluble form and this event lead to reducing of cholesterol level in serum. A new strain of lactic acid bacteria, which was isolated from fermented spider plant in local market of Thailand, showed ability to produce bile salt hydrolase and has potential to be probiotic bacteria with good colonizing properties. The new strain was identified as Lactobacillus plantarum and gene that responsible for bile salt hydrolase production is located on plasmid. From the study could be suggested that novel strain of LAB possible to be further used as cholesterol lowering probiotic bacteria and fermented spider plant would be cheap price cholesterol lowering foods for people in local area.
Spider plant (Cleome gynandra L.), which belongs to the Cleomaceae family, is plant that normally be found worldwide. In Asian country especially South-east Asia, this kind of plant can be cooked as a food 1 . Because of fresh plant containing hydrocyanic acid, which is toxic for human at nervous system, cook by heating or fermenting can reduce toxicity of spider plant 2 . Fermented spider plant is generally sold in local market with very cheap price. Unpublished data show that fermented spider plant is almost containing potential probiotic lactic acid bacteria.
Lactic acid bacteria (LAB) is the bacteria that can produce lactic acid as by-product. The genera of bacteria that commonly define as LAB are Lactobacillus sp., Streptococcus sp., Lactococcus sp., etc 3 . Almost of LAB could be assigned as probiotic bacteria which can provide benefit to the host 4, 5 . Major criteria for probiotics designation are including with ability to survive and colonize in gastrointestinal tract of the host. In addition, probiotics should promote health status of host by any mechanism, e.g. immune modulation, vitamin production and bile acid deconjugation.
Bile is a natural emulsifying substance synthesised by hepatocytes using precursor such as cholesterol which is one of the cause for cardiovascular disease. In normal physiology, bile is conjugated by the liver and is transported through the enterohepatic system, where it emulsifies ingested fats for nutrient absorption. After use, it can be reabsorbed, recycled or excreted out. Bile circulating through the enterohepatic system undergoes various transitions in forms, which can be mediated by intestinal microflora 6 . The bsh gene that encode to produce bile salt hydrolase were found in some strains of bacteria and this enzyme mediates the hydrolysis of conjugated bile acids to unconjugated form. From its function, bile salt hydrolase is believed to possess potential cholesterol-lowering effects. Hydrolysis action of bile salt hydrolase splits peptide bonds of bile salts, freeing the amino acid taurine and glycine from the bile salt molecule and inducing its precipitation. With decreased reabsorption ability, cholesterol precursors are being pulled for bile synthesis due to less bile salts recycling, resulting in the overall reduction of cholesterol content 7 .
Because of there is no information for LAB isolates with ability to produce bile salt hydrolase from fermented spider plant, isolation and study various strains of LAB from fermented spider plant for bile salt hydrolase activity to use as a potential cholesterol-lowering probiotic bacteria are the aims of this study.
MATERIALS AND METHODS

Microorganisms and growth condition
LAB isolates were grown with Mann, Rogosa and Sharpe (MRS) medium and cultivated at 37°C. For pathogenic test organisms, including Staphylococcus aureus, Enterococcus faecalis, Escherichia coli, Vibrio cholerae, Salmonella Typhimurium, Pseudomonas aeruginosa and Candida albicans, were cultured in Mueller-Hinton medium with 37°C incubation.
Screening of lactic acid bacteria from fermented spider plant
Fermented spider plants were collected from local market in Pathum Thani. Sample was serially diluted in normal saline solution (NSS) and spread on MRS agar plate containing 0.5% CaCO 3 . After incubation at 37°C for 48 -72 h, bacterial colonies with clear zone were selected for determination of LAB properties.
Colonizing properties
The gastric fluid tolerance was done according the methods described by Mota et al 8 . To determine tolerance to the acid, the bacterial isolates were grown overnight in MRS medium at 37°C. The overnight culture of LAB was washed with NSS and adjusted the cell density to McFarland no. 0.5. A hundred microliters of adjusted bacterial suspension was added to 900 µl of sterile synthetic gastric juice (2 g of NaCl and 3.2 g of pepsin in 1 liter of distilled water, the pH was adjusted to 2.5 with concentrated HCl). The NSS was added instead of the gastric juice for the bacterial growth control tube. Both tubes, the test and control, were incubated at 37°C for 3 h. After incubation, the bacterial viability was determined by plate count technique on MRS agar and percentage of survival was calculated as (1-log cfuacid/log cfucontrol) x 100.
The bile salt tolerance was done according to method described by Walker and Gilliland 9 . Briefly, the isolate was grown overnight in MRS broth and 1% of the inoculum was added to MRS containing 0.3% bile salt (Sigma-Aldrich, USA). The amount of bacteria was then determined by plate count technique before and after incubation the suspension at 37°C for 24 h. The percentage of bile salt tolerance was calculated as (1 -log after incubation/ O.D.log before incubation) x 100.
To evaluate the hydrophobicity of LAB cell surface, microbial adhesion to solvents (MATS) was determined in this study 8 In brief, the 12 h cultures were collected by centrifugation, washed twice and adjusted with NSS to an O.D. of 0.4 -0.5 (A0) at 600 nm. The 0.2 ml of xylene was added to 1.2 ml of bacterial suspension incubated at room temperature for 10 min and then mixed by vortexing for 2 min. The lower aqueous phase was collected after the tube was stood for 30 min and measured the O.D. at 600 nm (A1). The percentage of MATS was calculated as (1 -A1/A0) x 100.
Bile salt hydrolase activity and blood hemolysis
To determine activity of bile salt hydrolase, taurodeoxycholic acid (TDCA) (Sigma-Aldrich, USA) and glycodeoxycholic acid (GCDA) (Sigma-Aldrich, USA) were added in MRS as detective ingredient in the experiment. LAB isolates were cultured on MRS containing 0.5% of taurodeoxycholic acid or glycodeoxycholic acid and 0.37% CaCl 2 then incubated at 37°C for 48 h. Bile salt hydrolase activity was evaluated by halozone production around colony on agar plate 10 .
For blood hemolysis, the isolates were streak on blood agar. Blood hemolytic zone were observe after incubated at 37°C for 72 h.
Antimicrobial activity
The antimicrobial activity of the isolates was determined by well diffusion assay 11 . The 20 ml of Mueller-Hinton agar (MHA) plate with a well (made from cork borer no.3) was spread with the indicator bacteria and filled in the well with 0.1 ml of supernatant culture, which had been adjust pH to 7 and sterilized with membrane filter, collected from LAB isolates. The MHA plate was incubated at 37°C for 24 h and measured for inhibition zone. 
Antibiotic susceptibility
For antibiotic susceptibility, ampicillin, chloramphenicol, ciprofloxacin, erythromycin, nalidixic acid, penicillin, tetracycline and vancomycin were antibiotics in this study. The CLSI (Clinical and laboratory standards institute) guideline was followed as standard protocol for MIC (minimal inhibitory concentration) determination. Overnight culture of LAB isolates in MRS medium was adjusted turbidity equal to 0.5 MacFarland standards with normal saline solution. The adjusted bacterial suspension was diluted 100fold with MRS broth and added to a 96 well plate filled with MRS containing a serial 2-fold diluted of each antibiotics. The MIC was observed and interpreted after incubated at 37°C for 24 h.
Bacterial identification
To identify LAB isolate, API 50 CHL (Biomeriux, France) was used and the 16s rRNA was analyzed sequence to confirm result of biochemical tests. Following API 50 CHL protocol, 2 days culture of LAB isolate on MRS agar was mixed with reagent of the kit and added into the well strip. Then filled the mixture in the well with oil immersion and incubated at 37°C. After 48 h incubation, the result was recorded and analyzed on https://apiweb.biomerieux.com.
For 16s rRNA sequence analysis, bacterial genomic DNA was extracted with GF-1 bacterial DNA extraction kit (Vivantis, Malaysia) and PCR product of 16s rRNA was amplified with F8 (5'-AGAGTTTGATCCTGGCTCAG-3') and R1492 (5'-GGTTACCTTGTTACGACTT-3') 12 . Amplification was performed as following condition; 95°C for 10 min and 34 cycles of 95°C for 1 min, 55°C for 40 s, 72°C for 2 min and 72°C for 5 min. The PCR product was mixed with Novel Juice (GeneDireX, USA) and visualized on 0.8% agarose gel (Invitrogen, USA). 13 . Amplification was performed as following condition; 95°C for 10 min and 34 cycles of 95°C for 1 min, 50°C for 40 s, 72°C for 2 min and 72°C for 5 min. Finally, the PCR product was visualized on 0.8% agarose gel (Invitrogen, USA).
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RESULTS AND DISCUSSION
Screening and isolation of bile salt hydrolase producing LAB
A hundred and thirty-nine isolates were obtained from isolation of LAB from fermented spider plant. After screening with basic characteristic of LAB, gram positive bacteria with catalase negative, 74 isolates were included in this study. From bile salt hydrolase activity determination with plate assay, 17 isolates of LAB (22.97% of isolates in this study) showed halozone around colony on MRS containing GDCA (figure 1) which refer to ability of bile salt hydrolase production. Otherwise, halozone was not observed on MRS containing TDCA plate. Bile salt hydrolase is an important enzyme in bile acid deconjugation and might be major characteristic to reveal before using of a novel probiotic isolate for human. Fermented foods are the source of LAB and the LAB isolates from this source commonly has ability to be probiotics. LAB with probiotic properties could be isolated from fermented spider plant in this study, this confirm the report that fermented spider plant is responsible for LAB with probiotic properties isolation 14 . Bile salt hydrolase activity has been observed only on MRS agar plate containing GCDA but not on MRS with TDCA for all isolates, however glycine-to taurine-bile acid conjugates ratio is about 3.5:1 in adult human bile 15 so deconjugation activity for glycine conjugated bile salt would be noticeable to determine.
Probiotic properties of LAB isolates
All isolates that can produce bile salt hydrolase were determined colonizing properties which important for probiotic designation. Colonizing properties including acid tolerance, bile salt tolerance and hydrophobicity of the isolates were examined 16 . Bile can cause destruction of bacteria with surfactant properties leading to bacterial cell lysis 17 and probiotic bacteria should alive in this condition. Almost of bile salt hydrolase positive isolates have ability to survive in MRS containing 0.3% bile salt. The isolates that can survive in medium containing bile salt were determine ability to survive in simulated gastric juice and the result found that there are 3 isolates have this property. The pH of fermented foods normally are around 4 -4.5 while pH of gastric condition is approximately 2 or rise to around 3 after ingestion with foods 18 . Probiotic bacteria must be survived in this very low pH condition of stomach prior pass through to duodenum region which pH is about 7. Three isolates of LAB were tested for hydrophobicity with xylene to determine attachment ability to hydrocarbon which associated to cell adherent. Hydrophobicity of bacteria is related with ability to attach epithelium cells 19 and cut off of the test for bacterial isolates should be more than 50% 8 . Only SF21 isolates show strong hydrophobicity with 77.32%.
Safety of probiotic is also needed criteria to prove before use in human 20 . In this study, blood hemolysis was evaluated and the SF21 isolate was not show ability to lyse red blood cell. Finally, SF21 isolate have ability to produce bile salt hydrolase with good colonizing properties but without blood hemolysis were obtained from the experiments with 77.32% of hydrophobicity, 32.45% survival in gastric juice and 87.30 % of bile salt tolerance. The SF21 was selected for further identification.
The SF21 isolate could not inhibit test organisms which are gram positive bacteria, gram negative bacteria and yeast. Antibiotic susceptibility test was determined and. SF21 isolate demonstrated sensitive to ampicillin, chloramphenicol, erythromycin, penicillin and tetracycline but resistance against ciprofloxacin, nalidixic acid and vancomycin. Because of antibiotic resistance gene horizontal gene transfer can cause problem and should be concerned 21, 20 , sensitivity of SF21 to several antibiotics could be useful for probiotic using. According to resistance to vancomycin is one criteria for lactobacilli identification 22 , this isolate might be a species in lactobacilli that would be confirmed in further experiment.
LAB isolates identification
The isolate has been identified by API 50 CHL test kit and 16s rRNA sequencing. Both results show that the SF21 isolate is L. plantarum with 99% identity. L. plantarum is a LAB that can be found generally in fermented foods and normally be used for health benefit. Various reports show that L. plantarum has been designated as probiotic bacteria with diverse properties, e.g. aflatoxin binding 23 , antimicrobial activity 23, 24 , antioxidant activity 25 , bile salt hydrolase production and cholesterol removal 26, 27 . From previous study, bile salt hydrolase of L. plantarum was evaluated in several strains [28] [29] [30] [31] [32] [33] . This could be suggested that L. plantarum SF21 probably be used as novel probiotic bacteria to reduce level of cholesterol in human serum.
The bsh gene determination
For bsh gene, PCR was performed to detect bsh gene with Lp1F and Lp975R primer.
Specific band approximately 1000 bp has been found on gel from electrophoresis (figure 2) and the PCR product was sent to determine nucleotide sequence. According to the result of sequencing, bsh gene of L. plamtarum SF21 was similar to bsh gene of L. plantarum B1 with 99% identity. For PCR amplification, PRC product of bsh gene was amplified from extracted plasmid and this result obviously revealed the location of bsh gene of L. plantarum SF21. Location of bsh gene has been previously reported that could be found on chromosome of E. faecium and other enterococci bacteria 34 . In L. salivarius UCC118, the bacteria contain two genes of bile salt hydrolase that were originally located on both chromosome and megaplasmid 35 . For location of bsh gene in L. plantarum, there is ambiguous report in previous works so this study would be one result that defined the bsh gene location in L. plantarum.
CONCLUSION
In summary, this is the first report for bile salt hydrolase producing lactic acid bacteria that can be isolated from local fermented spider plant. Possibility to find bile salt hydrolase producing LAB lead to conclude that fermented spider plant probably regard as cholesterol lowering foods with cheap price for people in local area such as Southeast Asian countries. Finally, this strain of LAB need to be further studied for safety and cholesterol depletion in animal model to develop the isolate for using as potential probiotic bacteria and cholesterol lowering agent in human.
